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SUMMARY 

A theoretical and experimental investigation was conducted of the subsonic maneu- 
ver capability of a fighter wing concept designed for supersonic cruise. To improve 
the subsonic maneuver capability, the wing utilized full-span leading- and trailing- 
edge flaps that were designed with the aid of a subsonic-analysis computer program. 

The wing, mounted on a generic fuselage, was tested in the Langley 7- by 10-Foot 
High-speed Tunnel at Mach numbers of 0.3, 0.5, and 0.7. Force and moment data 
obtained were compared with theoretical predictions at Mach 0.5 from two subsonic- 
analysis computer programs. The two theoretical programs gave a good prediction of 
the lift and drag characteristics but only a fair prediction of the pitching moment. 
The experimental results of this study show that with the proper combination of 
leading- and trailing-edge flap deflections, a suction parameter of nearly 90 percent 
can be attained at a Mach number of 0.5 and a lift coefficient of 0.73; this is a 
three-fold improvement from 30 percent for the basic wing. Trailing-edge deflection 
alone gives a greater improvement in suction parameter than leading-edge deflection 
alone; however, the best performance is obtained with a combination of the two. 

INTRODUCTION 

A wing designed for efficient supersonic cruise would generally be highly swept 
and would utilize a mildly cambered thin wing. In contrast, the design of a highly 
maneuverable wing would favor a higher aspect ratio and a more highly cambered wing. 
These conflicting requirements must be dealt with when designing a supersonic cruise 
fighter that needs to possess good maneuver capability at high subsonic speeds. One 
solution to this problem is to camber the wing for efficient supersonic cruise and 
then use leading- and trailing-edge flaps to approximate the increased camber 
requirement at maneuver conditions. This solution is the approach used here. 

The wing discussed in this report is designed for cruise at Mach 1.8. In an 
attempt to meet a design maneuver requirement of 59 (where 
subsonic speeds, full-span leading- and trailing-edqe flaps are used. The planform 
shape and the deflection combination of these flaps were determined with the aid of 
the subsonic-analysis computer program of reference 1 (referred to hereinafter as the 
"Carlson code") that enables the user to analyze quickly many flap concepts at multi- 
ple combinations of leading- and trailing-edge deflection angles. The wing, mounted 
on a generic fuselage, was tested in the Langley 7- by 10-Foot High-speed Tunnel at 
Mach numbers of 0.3, 0.5, and 0.7. In addition to the present test results, this 
report presents theoretical predictions from the Carlson code and from another aero- 
dynamic analysis computer code referred to as the "vortex lattice method-suction 
analogy" (VLM-SA) . (See ref. 2. ) 

lg = 32.17 ft/sec2) at 

SYMBOLS 

A 

b 

aspect ratio , b2/S 

wing span, 18.40 in. 



axial-force coefficient, Axial force/qS 

drag coefficient, Drag/qS 

zero-lift drag coefficient for case with no flaps deflected, 0.013 at 
M = 0.5 

lift coefficient, Lift/qS 

lift coefficient at maneuver point 

lift-curve slope, aCL/aa at CL = 0, for case with no flaps deflected, 
deg-l 

pitching-moment coefficient, Pitching moment/qSc 

normal-force coefficient, Normal force/qS 

mean aerodynamic chord, 9.78 in. 

lift-drag ratio 

free-stream Mach number 

Reynolds number, per foot 

dynamic pressure , psf 

reference area of wing projected to body centerline, 149.72 in2 

CL tan(CL/CL 4- cD,o - CD a 
.suction parameter , 

cL tan(C /C - C:/TA 
La 

maximum thickness-to-chord ratio 

spanwise distance measured from body centerline 

angle of attack, deg 

angle of sweep, deg 

Subscripts: 

I inboard 

0 out board 

Abbreviations: 

IVOROP vortex location option 

LE leading edge 

TE trailing edge 
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THEORETICAL METHODS 

Two d i f f e r e n t  methods are used i n  t h e  t h e o r e t i c a l  a n a l y s i s  of t h e  wing wi th  
v a r i o u s  f l a p  d e f l e c t i o n s .  One of t h e s e  methods, t h e  Carlson code desc r ibed  i n  r e f -  
e r ence  1, w a s  used i n  t h e  des ign  of t h e  f l a p s  f o r  t h e  wing. Th i s  subsonic-analysis  
computer program provides  f o r  t h e  a n a l y s i s  of up t o  25 p a i r s  o f  leading-  and t r a i l i n g -  
edge f l a p  d e f l e c t i o n  combinations. The program uses  an empirical method t o  estimate 
a t t a i n a b l e  leading-edge t h r u s t .  This  method of e s t i m a t i n g  t h e  t h e o r e t i c a l  leading- 
edge t h r u s t  i n c l u d e s  e f f e c t s  of Mach number, Reynolds number, wing planform, camber 
s u r f a c e ,  and a i r f o i l  geometry, as desc r ibed  i n  r e f e r e n c e  3. That p o r t i o n  of t h e  f u l l  
t h e o r e t i c a l  leading-edge t h r u s t  t h a t  i s  no t  considered a t t a i n a b l e  i s  t r e a t e d  as a 
sepa ra t ed  leading-edge v o r t e x  f o r c e  by use of t h e  Polhamus s u c t i o n  analogy. 

The u s e r  o f  t h e  Carlson code has  t h r e e  vortex l o c a t i o n  o p t i o n s  (IVOROP's) con- 
ce rn ing  where and how t h a t  v o r t e x  f o r c e  a c t s  on t h e  wing. The f i r s t  v o r t e x  o p t i o n  
(IVOROP = 0 )  p l a c e s  a l l  t h e  vo r t ex  f o r c e  a t  t h e  wing l e a d i n g  edge pe rpend icu la r  t o  
t h e  wing r e f e r e n c e  p l a n e ,  t h u s  o f f e r i n g  no c o n t r i b u t i o n  t o  CA. The second and t h i r d  
o p t i o n s  d i s t r i b u t e  t h e  v o r t e x  f o r c e  chordwise about a p o i n t  c a l l e d  t h e  v o r t e x  a c t i o n  
p o i n t .  For t h e  second op t ion  (IVOROP = 1 1 ,  the v o r t e x  a c t i o n  p o i n t  i s  determined by 
an e m p i r i c a l  r e l a t i o n s h i p  de r ived  from experimental  d e l t a  wing d a t a ,  as desc r ibed  i n  
r e f e r e n c e  1. The t h i r d  o p t i o n  (IVOROP = 2 )  u s e s  a concept de r ived  by Lan and Chang 
( r e f .  4 )  t o  l o c a t e  t h e  v o r t e x  a c t i o n  p o i n t .  For both t h e  second and t h i r d  o p t i o n s ,  
t h e  v o r t e x  f o r c e  i s  d i s t r i b u t e d  over  t h e  wing us ing  a s i n u s o i d a l  d i s t r i b u t i o n .  

The o t h e r  t h e o r e t i c a l  aerodynamic a n a l y s i s  program used i s  t h e  vo r t ex  l a t t i c e  
method of r e f e r e n c e  2 by Lamar and Herbert .  This program, r e f e r r e d  t o  as t h e  "vortex 
l a t t i c e  method-suction analogy" (VLM-SA), i s  an ex tens ion  of t h e  program o f  r e f e r -  
ence 5 by Lamar and Gloss. The VLM-SA program u t i l i z e s  t h e  concept  de r ived  by Lan 
f o r  l o c a t i n g  t h e  vo r t ex  a c t i o n  p o i n t .  The vortex force is no t  d i s t r i b u t e d  over  t h e  
wing as i n  t h e  Carlson code; r a t h e r  t h e  e n t i r e  force acts a t  t h e  v o r t e x  a c t i o n  p o i n t ,  
except  i n  t h e  c a l c u l a t i o n s  where v o r t e x  f o r c e  i s  p laced  a t  t h e  l ead ing  edge 
normal t o  t h e  local camber su r face .  The VLM-SA program a l s o  has  a method of d i f f e r -  
e n t i a t i n g  between leading-edge s u c t i o n  and vortex f o r c e s .  Unlike C a r l s o n ' s  method, 
which estimates an a t t a i n a b l e  leading-edge suc t ion ,  t h e  VLM-SA program u s e s  a proce- 
du re  developed by Kulfan ( r e f .  6) t o  d e t e r m i n e  t h e  v o r t e x  f o r c e  and then  u s e s  t h e  
s u c t i o n  analogy t o  determine what p o r t i o n  of t h e  f u l l  t h e o r e t i c a l  s u c t i o n  remains as 
a r e s i d u a l  s u c t i o n  f o r c e .  

For both t h e o r e t i c a l  methods, t h e  geometry w a s  modeled us ing  t h e  wing-body camber 
s u r f a c e .  The wing leading-edge r a d i u s  was a l s o  an i n p u t  i n  both programs. 

The Carlson code w a s  used i n  t h e  f lap  design process;  t h e r e f o r e  most of t h e  theo- 
r e t i ca l  r e s u l t s  p re sen ted  w i l l  be from t h i s  code. T h e o r e t i c a l  p r e d i c t i o n s  from t h e  
VLM-SA code are included f o r  r e f e r e n c e  and  comparison. 

W I N G  DESIGN 

The primary requirements f o r  t h i s  wing include e f f i c i e n t  c r u i s e  a t  Mach 1.8 and 
t h e  a b i l i t y  t o  s u s t a i n  a 59 t u r n  a t  Mach 0.9 a t  an a l t i t u d e  o f  30 000 f t .  Because of 
t h e  Mach 1.8 c r u i s e  cond i t ion ,  t h e  leading-edge sweep a n g l e  ALE of t h e  wing i s  set 
a t  60°, which i s  high enough t o  produce a subsonic l e a d i n g  edge a t  c r u i s e  b u t  n o t  
unnecessa r i ly  reduce t h e  a s p e c t  r a t i o  and thus p e n a l i z e  performance. An NACA 64A004 
a i r f o i l  s e c t i o n  i s  used which has  a leading-edge r a d i u s  o f  0.10 p e r c e n t  chord. The 
wing is t w i s t e d  and cambered according t o  the method o f  r e f e r e n c e  7 f o r  c r u i s e  a t  
Mach 1.8. 
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Using a wing loading t y p i c a l  of a l i g h t w e i g h t  f i g h t e r  r e s u l t s  i n  a cLIM of  
0.73 f o r  t h e  5g t u r n  a t  Mach 0.9.  cLIM 
can be a t t a i n e d  a t  an angle  of a t t a c k  of 14" wi th  
f l a p s .  The use of f l a p s  would l o w e r  t h i s  d r a g ,  t h u s  r e q u i r i n g  less engine t h r u s t  for 
maneuver. The g o a l  of t h i s  s tudy w a s  t o  des ign  a set  of leading-  and t r a i l i n g - e d g e  
f l a p s  t h a t  would lower t h e  d rag  a t  maneuver as much as p o s s i b l e .  

According t o  t h e  theo ry  of r e f e r e n c e  4 ,  t h i s  
CD = 0.16 f o r  t h e  wing wi th  no 

The t h i n  ( t /c = 4 p e r c e n t ) ,  mi ld ly  cambered wing g i v e s  low d r a g  a t  supe r son ic  
c r u i s e .  A t  subsonic maneuver c o n d i t i o n s ,  however, t h e  t h i n  wing does n o t  a t t a i n  much 
leading-edge t h r u s t  and t h e r e f o r e  has  high d r a g  due t o  lift. Leading-edge f l a p s  
attempt t o  recover  t h e  t h e o r e t i c a l  leading-edge t h r u s t  t h a t  is no t  a t t a i n e d  by t h e  
f l a t  wing. This recovery i s  accomplished by t h e  f l a p  producing a f o r c e  d i s t r i b u t e d  
over i t s  su r face  r a t h e r  t han  by a concen t r a t ed  t h r u s t  f o r c e  a t  t h e  l e a d i n g  edge. The 
l e id in r ;  evex the leading-edge f l a p  caii be produced e i t h e r  by  a t t a c h e d  fiow or by a 
leading-edge vortex t h a t  i s  confined ove r  t h e  f l a p .  One des ign  g o a l  w a s  t o  maintain 
a t t a c h e d  flow over t h e  whole wing. The leading-edge r a d i u s  of t h e  NACA 64A004 a i r f o i l  
c o n t r i b u t e s  t o  t h i s  goa l  by de lay ing  t h e  formation of t h e  leading-edge vo r t ex .  

The Carlson code w a s  used i n  t h e  des ign  o f  t h e  leading-  and t r a i l i n g - e d g e  f l a p s  
f o r  t h i s  wing. The way i n  which t h e  program w a s  used i n  t h e  des ign  by i t e r a t i o n  of 
t h e  f l a p s  is descr ibed i n  r e fe rence  1. Th i s  program does n o t  opt imize b u t  is  used 
on ly  t o  analyze i n p u t  f l a p  geometry and d e f l e c t i o n  ang le s .  A number of f l a p  planform 
s i z e s  and shapes were analyzed ove r  a wide range of combinations of d e f l e c t i o n  a n g l e s ,  
w i th  t h e  g o a l  of minimizing d rag  a t  t h e  maneuver p o i n t .  I n  va ry ing  t h e  f l a p  geometry, 
on ly  t h e  hinge l i n e  l o c a t i o n  and sweep w e r e  changed so t h a t  t h e  r e s u l t i n g  wing wi th  
unde f l ec t ed  f l a p s  would be unchanged from t h e  o r i g i n a l  wing. The best f l a p  geometry 
from t h o s e  analyzed w a s  s e l e c t e d  f o r  wind-tunnel t e s t i n g ,  a long wi th  d e f l e c t i o n  ang le  
combinations t h a t  would b racke t  t h e  best t h e o r e t i c a l  f l a p  d e f l e c t i o n s .  A s  w i l l  be 
d i scussed  la te r ,  two d i f f e r e n t  inboard leading-edge f l a p  shapes w e r e  chosen t o  tes t  
t h e  p r e d i c t i o n s  made by t h e  program, which i n d i c a t e d  t h a t  t hey  would have n e a r l y  
i d e n t i c a l  r e s u l t s  a t  t h e  maneuver CL. 

MODEL DESCRIPTION 

A drawing of t h e  m o d e l  i s  shown i n  f i g u r e  1, and a photograph of t h e  model 
mounted i n  t h e  Langley 7- by  10-Foot High-speed Tunnel is shown i n  f i g u r e  2 .  G e o -  
m e t r i c  c h a r a c t e r i s t i c s  of t h e  wing, v e r t i c a l  t a i l ,  and f u s e l a g e  are p resen ted  i n  
table I. A numerical d e s c r i p t i o n  of t h e  model i n  t h e  format desc r ibed  i n  r e f e r e n c e  8 
is found i n  t a b l e  11. 

The model c o n s i s t s  o f  a wing mounted on a f l a t - s i d e d  g e n e r i c  f u s e l a g e  wi th  a 
v e r t i c a l  t a i l .  The wing has  a leading-edge sweep ang le  of 60° ,  a cranked t r a i l i n g  
edge wi th  an inboard sweep ang le  of 7 - 4 5 " ,  and an outboard sweep ang le  o f  2 8 " .  A 
drawing of t h e  wing c r o s s  s e c t i o n  a t  t h e  r o o t ,  t h e  midchord, and t h e  t i p  chord i s  
shown i n  f i g u r e  3. The v e r t i c a l  t a i l  has  a 4-percent- thick biconvex a i r f o i l  s e c t i o n .  

The leading- and t r a i l i n g - e d g e  f l a p s  are i n  two segments, as shown i n  f i g u r e  1. 
Leading-edge d e f l e c t i o n  a n g l e s  inc lude  O",  15", 2 0 " ,  and 25" measured s t r e a m w i s e ,  
p o s i t i v e  downward. Trai l ing-edge streamwise d e f l e c t i o n  a n g l e s  ( p o s i t i v e  downward) 
inc lude  0" and 15' inboard and 0" and 1 2 "  outboard.  For each d e f l e c t i o n  a n g l e ,  a 
separate f l a p  was cons t ruc t ed .  Two d i f f e r e n t  inboard leading-edge f l a p s  w e r e  con- 
s t r u c t e d ,  d i f f e r i n g  i n  r o o t  chord l e n g t h  and hinge l i n e  l o c a t i o n  as shown i n  f i g u r e  1. 
The l a r g e r  f l a p  i s  designated " f l a p  A" and t h e  s m a l l e r ,  i n v e r s e  tapered f l a p  i s  
des igna ted  I' f lap B. 'I 
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M NRe f t - l  

It should be noted t h a t  t h e  d e f l e c t e d  inboard and outboard leading-edge f l a p  
segments d i d  n o t  make a completely p e r f e c t  f i t  where they  came t o g e t h e r  a t  t h e  wing 
midspan, even when a t  t h e  same d e f l e c t i o n  angle.  E f f e c t s  from t h i s  m i s f i t  can o f t e n  
be seen i n  t h e  o i l - f low photographs p re sen ted  later i n  t h i s  r e p o r t .  

cl, PSf 

EXPERIMENTAL PROCEDURE AND CORRECTIONS 

- 

0.3 
.5  
.7  

T e s t s  w e r e  conducted i n  t h e  Langley 7- by 10-Foot High-speed Tunnel. Forces and 
moments w e r e  measured by a six-component strain-gauge balance.  T e s t s  w e r e  made a t  
Mach numbers of 0.3,  0.5, and 0.7 under t h e  following cond i t ions :  

1 .9  x 106 125 
2.9 315 
3.3 525 

The model w a s  t e s t e d  a t  ze ro  s i d e s l i p  over a range of ang le  of a t t a c k  from -5' t o  16'. 
Some c o n f i g u r a t i o n s  were l i m i t e d  i n  ang le  of a t t a c k  because of model f o u l i n g ,  as i n d i -  
c a t e d  by a f o u l i n g  s t r i p  a t  t h e  base of t h e  model. A s  o u t l i n e d  i n  r e f e r e n c e  9, a 
1/16-in-wide s t r i p  of No. 120 g r i t  was appl ied t o  t h e  wing and v e r t i c a l  t a i l  0.6 i n .  
back chordwise from t h e  l ead ing  edge and a l s o  t o  t h e  body 1 .0  i n .  back from t h e  nose. 

The d a t a  w e r e  c o r r e c t e d  f o r  j e t  boundary and blockage e f f e c t s  as computed from 
r e f e r e n c e s  10 and 11, r e s p e c t i v e l y .  Correct ions t o  ang le  of a t t a c k  f o r  s t i n g  and 
balance d e f l e c t i o n  have been a p p l i e d  t o  t h e  data.  Axial  f o r c e  is  c o r r e c t e d  t o  a con- 
d i t i o n  of f ree-s t ream s t a t i c  p r e s s u r e  a c t i n g  over t h e  f u s e l a g e  base area and balance 
c a v i t y .  

Oil-flow v i s u a l i z a t i o n  photographs of the flow over t h e  wing s u r f a c e  w e r e  made 
by f i rs t  c o a t i n g  t h e  model w i th  a mixture of o i l  and f l u o r e s c e n t  powder and then  t ak -  
i n g  photographs of t h e  model a t  t es t  cond i t ions  us ing  u l t r a v i o l e t  s t r o b e  l i g h t s .  For 
t h e s e  o i l - f l o w  tes t  runs ,  t h e  model w a s  he ld  a t  an ang le  of a t t a c k  of 0' whi le  t h e  
t u n n e l  speed w a s  brought up t o  Mach 0.5. The model w a s  t hen  set a t  t h e  d e s i r e d  ang le  
of a t t a c k ;  and as soon as t h e  flow p a t t e r n  developed, a series of t h r e e  photographs 
w e r e  taken ove r  a 10- t o  15-sec i n t e r v a l .  

DISCUSS I O N  

F lap  Deflect ion Notat ion 

A shorthand n o t a t i o n  i s  used i n  t h i s  r e p o r t  when r e f e r r i n g  t o  a p a r t i c u l a r  com- 
b i n a t i o n  of f l a p  d e f l e c t i o n s .  This  method w i l l  l i s t  fou r  d e f l e c t i o n  a n g l e s ,  a l l  
s epa ra t ed  by a s l a s h .  The ang le s  are i n  t h e  o r d e r  of inboard t o  outboard,  f r o n t  t o  
rear. For example, tne conf igu ra t ion  O j 2 O / l 5 / 1 2  weuld iiiean ifibeard leading-edge 
f l a p  down O o ,  outboard leading-edge f l a p  down 20°,  inboard t r a i l i n g - e d g e  f l a p  down 
15O, and outboard t r a i l i n g - e d g e  f l a p  down 12'. I f  on ly  two a n g l e s  are shown, they  
are i n  t h e  o r d e r  of inboard t o  outboard,  w i t h  t h e  t e x t  i n d i c a t i n g  l e a d i n g  edge or 
t r a i l i n g  edge. Note t h a t  a l l  ang le s  are  measured i n  t h e  s t r e a m w i s e  d i r e c t i o n .  
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Experimental Results 1 

Wind-tunnel data were taken at Mach numbers of 0.3, 0.5, and 0.7. However, 
since only minor differences are seen between the Mach numbers, only the data and 
theory at M = 0.5 will be discussed here. The data for all three Mach numbers can 
be found in appendix A. (See figs. A1 to A4.) 

, 

Several drag polars for the model at M = 0.5 with inboard flap A on the wing I 

are shown in figure 4. 
limits on the drag given, respectively, by the expressions 

representing zero suction, and (C;/TA) + CDl0, representing full suction. 
limits are used in the calculation of the suction parameter 

I deflected, the suction parameter equals 30 percent at 
was attained by virtue of the camber and leading-edge radius of the wing and by the I 

augmentation of the full potential lift with a vortex force. Of all the cases tested, 
this case with no flaps deflected had the highest drag at 
leading edges alone 15" resulted in an Ss  of 62 percent at CLIM. Deflecting the 
trailing edges alone 15O inboard and 12" outboard resulted in a greater improvement 
in the suction parameter than with the leading edges alone; Ss  is 73 percent when 

(15/15/15/12) results in an S s  of 87 percent. 

Also shown in the figure are the theoretical upper and lower 
I 

I 
CL tan(C /c ) + CDIor La 

These 
S s ,  which is a measure 

~f the percer,t of -.--C-- J u L c L ~ I I  L C L V V ~ L ~  ----------- Ly t h e  wing. For the configuration with no flaps I 

CL!M. This amount of suction 

CLIM. Deflecting the 

the trailing edges are deflected. Combining leading- and trailing-edge deflections 1 

~ 

I I 

I 
Oil-flow photographs for these four configurations are presented in figure 5. 

This sequence of photographs demonstrates the effects of various combinations of flap 
deflections on the flow over the wing at a lift coefficient near the maneuver 
of 0.73. The wing with no flaps deflected ( O / O / O / O )  achieves a CL of 0.73 at an I 

angle of attack of 15O. The oil-flow photograph of the wing near this condition 
shows a system of multiple vortices over the wing with flow reattachment behind the 
main vortex. Deflecting the leading edge down 15" results in a smaller main vortex 

effective force from this vortex points more forward, resulting in the drag reduction 
seen in figure 4, even though the wing must go above a = 16O to reach CL = 0.73. 

CL 

I that is farther forward on the wing and that acts mainly on the flap. Therefore, the 

Figure 5(c) shows the wing with only the trailing-edge flaps deflected 
I (0/0/15/12). When comparing this configuration with the O / O / O / O  configuration it is 

seen that the two flows are similar, although the main vortex is farther forward and 
smaller with trailing-edge deflection. The trailing-edge deflection, however, yields 
a large increment in CL 
decrease which results in a much lower drag level. Further improvement on the 
0/0/15/12 case can be obtained by deflecting the leading edge, a deflection resulting 
in the flow shown in figure 5(d). This photograph shows the flow over the inboard 
leading edge to be attached while a small vortex occurs along the outboard deflected 
leading edge. The maneuver point for the 15/15/15/12 configuration is reached at 
a = 10.8O. 

resulting in a much lower angle of attack for CL,~, a 

I 

A bar graph comparing the suction parameters at CL = 0.73 for all configura- 
tions tested using inboard leading-edge flap A can be seen in figure 6. 
seen in the figure, the best leading-edge deflection combination is 15" inboard and 
20° outboard, both with and without a trailing-edge deflection. Also note that the 
worst case with trailing-edge deflection, the 0/0/15/12 configuration, has a suction 
parameter that is higher than that of the best case with leading-edge deflection 

As can be 
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alone. 
d rag  due t o  l i f t .  

This  r e s u l t  i l l u s t r a t e s  t h e  importance of t r a i l i n g - e d g e  f l a p s  i n  reducing 

! 

A s  mentioned p r e v i o u s l y ,  two d i f f e r e n t  inboard f l a p s  w e r e  tested. The d rag  
p o l a r s  f o r  t h e  wing wi th  t h e s e  f laps  a t  t h r e e  d i f f e r e n t  leading-edge d e f l e c t i o n s  
( l S o ,  20°, and 25'1, both wi th  and without  t r a i l i ng -edge  d e f l e c t i o n s ,  are presented 
i n  f i g u r e  7. A s  seen i n  t h e  f i g u r e ,  t h e r e  i s  ve ry  l i t t l e  d i f f e r e n c e  between t h e  
d rag  p o l a r s  of t h e  two f laps  except  a t  condi t ions t h a t  d e p a r t  g r e a t l y  from design.  
For example, when t h e  leading-edge flaps are s u b s t a n t i a l l y  o v e r d e f l e c t e d ,  as i n  
f i g u r e  7 ( f )  a t  low v a l u e s  of CL, t h e  l a r g e r  f l a p  ( f l a p  A)  c auses  a l a r g e r  d r a g  
pena l ty .  Conversely, when t h e  f laps  are underdeflected,  t h e  wing wi th  t h e  smaller 
f l a p  ( f l a p  B) shows an i n c r e a s e  i n  d r a g  a t  maneuver CL. 

Oil-flow photographs showing t h e  flow over t h e  wing wi th  t h e s e  f l a p s  are pre-  
sented i n  f i g u r e  8. 
t h o s e  f o r  f l a p  A are on t h e  l e f t ,  and t h o s e  €or  f l ap  B are on t h e  r i g h t .  I n  a l l  
cases, t h e  f l a p  d e f l e c t i o n  combination is  15/15/15/12. For a p a r t i c u l a r  ang le  of 
a t t a c k ,  t h e  flow p a t t e r n s  f o r  both wings i n  t h e  v i c i n i t y  of t h e  leading-edge f l a p s  
are very s i m i l a r  and appear t o  show a t t ached  flow. The main d i f f e r e n c e  between t h e  
t w o  c o n f i g u r a t i o n s  i s  t h e  presence of a vortex over  t h e  wing w i t h  f l a p  B. This  
v o r t e x  appears  t o  o r i g i n a t e  a t  t h e  wing apex, being e a s i l y  seen on t h e  wing a t  
a = 10.52O b u t  b a r e l y  v i s i b l e  a t  a = 8.35O. 

Photographs of t h e  wing a t  t h r e e  a n g l e s  of a t t a c k  are p resen ted ;  

A comparison of t h e  pitching-moment-coefficient v a r i a t i o n  wi th  leading-edge 
d e f l e c t i o n  f o r  both f l a p s  A and B,  and with and without  t r a i l i n g - e d g e  d e f l e c t i o n ,  
can be seen i n  f i g u r e  9. Def l ec t ing  e i t h e r  t h e  l e a d i n g  edge or t h e  t r a i l i n g  edge 
causes  a nose-down increment i n  p i t c h i n g  movement, w i th  t h e  t r a i l i n g  edge being con- 
s i d e r a b l y  more i n f l u e n t i a l  t han  t h e  l ead ing  edge. The change i n  Cm wi th  leading-  
edge d e f l e c t i o n  t e n d s  t o  l e v e l  o f f  a t  t h e  higher d e f l e c t i o n  ang le s .  The smaller 
s i z e d ,  inboard leading-edge f l a p  ( f l a p  B) has less e f f e c t  on (+, than f l a p  A. 

P l o t s  of L/D, CD, Cm, and a as a funct ion of CL f o r  a l l  c o n f i g u r a t i o n s  
a t  a l l  Mach numbers can be found i n  appendix A ( f i g s .  A 1  t o  A4). A t  t h e  beginning of 
appendix B t h e r e  is  a sample photograph on which t h e  main f e a t u r e s  of t h e  wing geom- 
e t r y  are noted ( f i g .  B l ) .  Oil-flow photographs of t h e  r i g h t  wing of a l l  configura-  
t i o n s  i n  which o i l - f low tests were made can be found i n  appendix B ( f i g s .  B2 t o  B7). 

Comparison of Experimental D a t a  and Theory 

F igu re  1 0  p r e s e n t s  a comparison between t h e  Carlson t h e o r y  ( r e f .  1) and experi-  
mental d a t a  f o r  s i x  combinations of leading-  and t r a i l i n g - e d g e  f l a p s .  Each f i g u r e  
shows CN and CA p l o t t e d  as f u n c t i o n s  of a ,  and Cm and CD p l o t t e d  as func- 
t i o n s  of CL. Note t h a t  i n  f i g u r e s  10 t o  1 2 ,  t h e  second v o r t e x  l o c a t i o n  op t ion  
(IVOROP = 1) desc r ibed  ear l ie r  i s  used i n  the Carlson code. F igu re  l O ( a )  shows t h a t  
f o r  t h e  wing w i t h  no f l a p s  d e f l e c t e d ,  t h e  agreement between t h e  d a t a  and theo ry  i s  
e x c e l l e n t ,  except  f o r  t h e  f a i l u r e  o f  t h e  theory to  p r e d i c t  t h e  break i n  Cm a t  
CL = 0.5. 
f low t o  v o r t e x  flow. (See f i g .  B2 i n  appendix B.) The t h e o r e t i c a l  p r e d i c t i o n s  
of t h e  d a t a  f o r  t h e  15/l5/0,/0 and t h e  25/25/0/0 c o n f i g u r a t i o n s  are shown i n  f i g -  
u r e s  1 0 ( b )  and l O ( c ) ,  r e s p e c t i v e l y .  The i n a b i l i t y  of t h e  t h e o r y  t o  p r e d i c t  ade- 
q u a t e l y  t h e  a x i a l  f o r c e  and t h e r e f o r e  t h e  drag a t  t h e  lower v a l u e s  of 
probably due t o  flow s e p a r a t i o n  on t h e  underside o f  t h e  leading-edge f l a p s .  

Th i s  break may be a s s o c i a t e d  w i t h  a change from predominantly a t t a c h e d  

CL i s  
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The theory does no t  perform as  w e l l  f o r  a t r a i l i n g  edge a lone  a t  15O as  f o r  t h e  
l ead ing  edge a t  15' as shown i n  f i g u r e  1 0 ( d ) .  H e r e  aga in ,  t h e  p r e d i c t i o n  of CN i s  
ve ry  good, but no t  of CA. This  o v e r p r e d i c t i o n  of CA con t inues  when leading-edge 
d e f l e c t i o n  i s  added as seen i n  f i g u r e s  1 0 ( e )  and l O ( f ) .  

Figure 11 p r e s e n t s  both t h e  d a t a  and t h e o r e t i c a l  r e s u l t s  from t h e  Carlson code 
f o r  leading-edge f l a p s  A and B and t h e  f l a p  d e f l e c t i o n  combination 15/15/15/12. The 
d a t a  and theory f o r  f l a p  A seen i n  f i g u r e  1 0 ( e )  are repea ted  i n  t h i s  f i g u r e .  In  f i g -  
u r e  11 it i s  seen t h a t  t h e  d a t a  and theo ry  are i n  very good agreement f o r  both 
and C,. Note t h a t  t h e  increment i n  & between t h e  two f l a p  c o n f i g u r a t i o n s  i s  
wel l -predicted by t h e  theory.  A s  seen be fo re ,  t h e  theo ry  does n o t  p r e d i c t  t h e  a x i a l -  
f o r c e  c o e f f i c i e n t  as  w e l l  as t h e  normal-force c o e f f i c i e n t .  Note, however, t h a t  t h e  
r e l a t i v e  d i f f e r e n c e  i n  CA between f l a p s  A and B i s  p r e d i c t e d  by t h e  theo ry .  Th i s  
t r e n d  is  a l s o  seen i n  t h e  drag polars. 

CN 

Figure 1 2  p r e s e n t s  a comparison of t h e  d r a g  p o l a r s  computed by t h e  Carlson code 
( r e f .  1) and the VLM-SA code ( r e f .  2 ) .  Four c o n f i g u r a t i o n s  are p resen ted  i n  t h e  
f i g u r e :  (1) no f l a p s  d e f l e c t e d ,  (2)  leading-edge d e f l e c t i o n  on ly ,  (3)  t r a i l i n g - e d g e  
d e f l e c t i o n  only, and (4 )  t h e  combination of t h e s e  leading-  and t r a i l i n g - e d g e  d e f l e c -  
t i o n s .  For each combination of f l a p  d e f l e c t i o n s ,  t h e  d rag  p o l a r s  from t h e  t w o  com- 
p u t e r  codes a re  p r e s e n t e d ,  along wi th  t h e  d a t a  and t h e  t h e o r e t i c a l  upper and lower 
bounds on drag. 

When no flaps are d e f l e c t e d  ( f i g .  1 2 ( a ) ) ,  t h e  Carlson code fo l lows  t h e  d a t a  very 
w e l l ,  whereas t h e  VLM-SA code u n d e r p r e d i c t s  t h e  d r a g  a t  higher  v a l u e s  of CL. Both 
codes perform very w e l l  f o r  leading-edge d e f l e c t i o n  only as seen i n  f i g u r e  1 2 ( b ) .  
When t r a i l i n g - e d g e  d e f l e c t i o n  is  added, t h e  Carlson code t ends  t o  o v e r p r e d i c t  t h e  
drag. The VLM-SA code, however, con t inues  t o  do w e l l  i n  fol lowing t h e  d a t a  as seen 
i n  f i g u r e s  1 2 ( c )  and 1 2 ( d ) .  Nei ther  code, of cour se ,  is  a b l e  t o  p r e d i c t  c o r r e c t l y  
t h e  l a r g e r  increase i n  d rag  a t  higher  v a l u e s  of CL where undoubtedly l a r g e  areas 
of s epa ra t ed  flow develop. 

F igu re  1 3  shows Cm p l o t t e d  as a f u n c t i o n  of CL f o r  t h e s e  same f o u r  combina- 
t i o n s  of f l a p  d e f l e c t i o n s .  Each f i g u r e  shows t h e  d a t a  as w e l l  as t h e  t h e o r e t i c a l  
p r e d i c t i o n s  from t h e  VLM-SA and Carlson codes. I n  a l l  cases shown, t h e  Carlson code 
i s  more accurate  than  t h e  VLM-SA code i n  p r e d i c t i n g  G. Both codes do w e l l  i n  pre-  
d i c t i n g  Cm near CL = 0, b u t  n e i t h e r  is  able t o  p r e d i c t  t h e  sudden dec rease  i n  
s t a b i l i t y  a t  higher v a l u e s  o f  CL. When t h e  t r a i l i n g  edge is  d e f l e c t e d ,  as i n  f i g -  
ures 1 3 ( c )  and 13 (d) , t h e  Carlson code fo l lows  t h e  d a t a  ve ry  w e l l  a t  low-to-moderate 
CL values .  A s  would be expected, ho ld ing  t h e  v o r t e x  f o r c e  a t  t h e  l e a d i n g  edge 
(IVOROP = 0 )  r e s u l t s  i n  t h e  least  amount of nose-down p i t c h i n g  moment. This  vortex 
l o c a t i o n  option fol lows t h e  t r e n d  of t h e  d a t a  b e t t e r  t han  t h e  o t h e r  two o p t i o n s ,  
which show an inc rease  i n  s t a b i l i t y  a t  higher  v a l u e s  of CL as does t h e  p r e d i c t i o n  
from t h e  VLM-SA code. 

CONCLUDING REMARKS 

A t h e o r e t i c a l  and experimental  i n v e s t i g a t i o n  has  been conducted of t h e  subsonic  
maneuver c a p a b i l i t y  of a f i g h t e r  wing concept designed f o r  supersonic  c r u i s e .  TO 
improve t h e  subsonic maneuver c a p a b i l i t y ,  t h e  wing u t i l i z e d  fu l l - span  leading-  and 
t r a i l i n g - e d g e  f l a p s .  These f l a p s  w e r e  designed wi th  t h e  a i d  of a Carlson subsonic- 
a n a l y s i s  computer program (NASA CR-3675) t h a t  enab le s  t h e  u s e r  t o  ana lyze  qu ick ly  
many f l a p  concepts a t  m u l t i p l e  combinations of d e f l e c t i o n  ang le s .  



The wing, mounted on a generic fuselage, was tested at Mach numbers of 0.3, 0.5, 
and 0.7. The data obtained were compared with theoretical predictions at Mach 0.5 
from the Carlson subsonic-analysis program and from the vortex lattice method-suction 
analogy (VLM-SA) of NASA TM-83303. The results of this study show that with the 
proper combination of leading- and trailing-edge flap deflections, a suction param- 
eter of nearly 90 percent can be attained at a Mach number of 0.5 and a lift coeffi- 
cient of 0.73; this is a three-fold improvement from 30 percent for the basic wing. 
Trailing-edge deflection alone gives a greater improvement in suction parameter than 
leading-edge deflection alone; however, the best performance is obtained with a com- 
bination of the two. 

Two different inboard leading-edge flaps were tested. Results indicate that the 
smaller flap, when properly deflected, has the same drag level at maneuver conditions 
as the larger flap, but it yields a smaller increment in nose-down pitching moment. 

Both the Carlson code and the VLM-SA code gave a good prediction of the shape of 
the drag polar of the wing with leading-edge flap deflection angles of Oo and 15O. 
The VLM-SA code also performed very well when trailing-edge deflection was added. 
The Carlson code, however, did not predict the trailing-edge performance as well. 

In predicting the pitching-moment coefficient C,,,, the Carlson code performed 
better than the VI&-SA code for all configurations presented. The Carlson code pre- 
dicted very well when the trailing edge was deflected and was only fair at other 
conditions. Both codes performed well in predicting C, near a lift coefficient 
of 0. 

NASA Langley Research Center 
Hampton, VA 23665-5225 
November 21, 1986 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 

Wing: 
Area ( r e f e r e n c e )  . i n 2  ..................................................... 
Aspect r a t i o  .............................................................. 
Span, i n .  ................................................................. 
Am, deg .................................................................. 

( i n b o a r d ) ,  deg ....................................................... 
(ou tboa rd ) ,  deg 

ATE 
%E ...................................................... 
Mean aerodynamic chord,  i n .  ............................................... 
A i r f o i l  s e c t i o n  ....................................................... NACA 
Local LE r a d i u s ,  p e r c e n t  o f  chord ......................................... 

149.72 
2.26 

18.40 
60 

7.45 
28 

9.78 
64A004 

0.10 

Vertical  t a i l :  
2 Area, i n  ................................................................. 18.41 

Aspect r a t i o  .............................................................. 1.24 
Span, i n .  ................................................................. 4.78 

A i r f o i l  s e c t i o n  ( t / c  = 4 pe rcen t )  .................................... C i r c u l a r  arc 
AqE, deg ................................................................... \ 45 

Thickness r a t io ,  p e r c e n t  .................................................. 4 

Fuselage : 
Length, i n .  ............................................................... 33.55 
Height (maximum), i n .  ..................................................... 4.25 
Width, i n .  2.40 

Chamber area, i n .  2.55 
Moment c e n t e r ,  i n .  ........................................................ 20.64 

................................................................ 
............................................................ 

......................................................... 
B a s e  area, i n .  4.97 
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TABLE 11.- GEOMETRY OF WAVE-DRAG I N P U T  

B O O Y  A N D  F I N  W I T H  60 D E G  F ( O D I F 1 E O  D E L T A  W I N G  O I M E N S I O N S  I N  I N C H E S  
1 1  1 0  1 0  0 9 1 9  1 2 6 2 0  0 0 0 0 0 0 0 0 1 1 0  0 0 

14@ .63 
0.000 e491 e739 1.236 2.481 4.975 7.469 9.965 14.959 19.954 X A F  18 

29.950 39.948 49.953 59.960 69.968 79.979 89.990100.000 X A F  18 
13.391 
15.123 
16.854 
18.585 
20.-315 
22 .  047 
23.776 
23.510 
27.241 

0.000 
- . O B 1  
0.000 

007 
0.000 

.043 
o.co0 

056 
0.000 

mO52 
0.000 

.049 
0.000 

e042 
0.000 

0033 
0.000 

G 2 4  
0.000 
1.929 
0 , 0 0 0  
1 e 929 
0.000 
1 0 9 2 9  
0.000 
1.928 
0.000 
1.926 
0.000 
1.928 
0 . 000 
1.932 
0.000 
1.938 
0.000 
1.951 
0.000 
9. 500 
0.000 
0.000 
0.000 
0 moo0 
0.000 

1.200 
2.200 
3 .200  
4.200 
5 .zoo 
6 .200  
7.200 
8 .zoo 
9.200 
-moo2 
- . l o 0  

.001 - .001 
,001 
a046 
.002 
,361 
moo1 
a065 
.001 
061 

.001 
-053 
.001 
a043 . 000 
.O 33 
. 3 2 5  

1.998 
-322 

1.998 
a319 

1.999 
- 3 2 1  

1 a999 
e316 

2 .ooo 
a 3 3 0  

2.000 
a330 

2 .000  
e328 

2 moo0 
e300 

2.001 
1.010 

10.500 
0.000 
0.000 
0.000 
0 .ooo 
0.000 

e 0 8 3  13.211 
0110 11.608 
e l 6 0  lorn004 
0 2 3 8  @a401 
m 321 6.799 
.355 5.599 
0397 4.399 
a 4 4 2  3.199 
.497 1.998 

-e003 -a007 
-a114 -e116 
.001 0002 

-e004  .002 
0003 e005 
e054 0063 
e003 -006 
-072 e083 
e 0 0 2  e003 
e077 e039 
m002 e003 
a073 a095 
.002 .002 
e064 e 0 7 4  
eo01 .002 
0052 .Ob0 
.ooo a001 
e042 0052 
.393 a492 

1.884 1.627 
,387 , 4 9 1  

1.886 10628 
e390 e490 

1.879 1.629 
.387 .4ea  
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Figure 7.- Comparison of experimental drag polars for  flaps A and B. 
M = 0.5.  
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(a )  Wing w i t h  f l a p  A .  

(a) Wing with flap A. 

( b )  \ding w i t h  f l a p  B .  

L-86-3 90 

(b) Wing with flap B. 

Figure 8.- Oil-flow photographs of 15/15/15/12 configuration comparing 
flaps A and B. M = 0.5. 
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Figure 9.- Effect of flap deflections on experimental pitching-moment coefficient. 
CL = CL,M; M = 0.5. 
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Figure 12.- Comparison of experimental and theoretical drag polars. 
M = 0.5; flap A. 
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Figure 13.- Comparison of experimental and theoretical pitching-moment 
coefficients. M = 0.5; flap A. 
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APPENDIX A 

PLOTS OF ALL EXPERIMENTAL DATA 

Plots of the longitudinal aerodynamic characteristics €or all configurations 
tested at all three Mach numbers (0.3, 0.5, and 0.7) are presented in this appendix 

, 
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Figure AI.- Effect of leading-edge deflection w i t h  no trailing-edge 
deflection for flap A. 
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Figure A2. -  Effect of leading-edge deflection with trailing-edge 
deflection for  flap A. 
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Figure A3.- Continued. 
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APPENDIX B 

OIL-FLOW PHOTOGRAPHS 

Oil-flow photographs f o r  a l l  c o n f i g u r a t i o n s  i n  which o i l - f low tes t  runs  were 
made are presented i n  t h i s  appendix ( f i g s .  B 1  t o  B 7 ) .  Beside each photograph can 
be found t h e  angle  of  a t t a c k  and lift c o e f f i c i e n t  t h a t  correspond t o  t h a t  p i c t u r e .  
F igure  B 1  shows model geometry f e a t u r e s  a s  t h e y  appear i n  a t y p i c a l  o i l - f low 
photograph. 

62 



r 
c 
0 

0 a 
.- 
c. 

v) 

a 
c 
a. 
(d 

U 
(d 
0 
4 
3 
0 
U 
(d 
0 
4 
S 

L 

+ 
.- 

- + 

L 

+ 

1 

L 

- 

r 

u 
.rl 
k 
4J 
a, 

a, rn 

c 
k 
01 
0 
4J 
0 
G a 

2 

S .- 
I 

63  



(a )  a = 4.06'; CL = 0.154. 

L-8 6- 3 9 2 

Figure B2.- Oil-flow photographs of O/O/O/O configuration. M = 0 .5 .  
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( f )  01 = 16.94'; CL = 0.82 

L-86-393 

Figure B2.- Concluded. 
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- . -  

L-86-3 94 
-e €33.- Oil-flow photographs of 1 5 / 1 5 / 0 / 0  configuration. M = 0.5; flap A. 



( a )  a = 8.54'; cL 

(c) a = 13.01'; CL = 0.902. 

L- 86- 3 9 5 

Figure B4.- Oil-flow photographs of 0/0/15/12 conf igura t ion .  M = 0.5.  
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( a )  a = 8.29'; C, 

L-8 6- 3 9 6 

Figure B5.-  Oil-flow photographs of 15/15/15/12 conf igura t ion .  M = 0.5; f l a p  A.  
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( b )  a = 10. I- 

( c )  a = 12.52'; CL = 0.796. 

L-8 6- 3 9 7 

Figure B6.- Oil-Flow photographs of 25/25/15/12 configuration. M = 0.5; flap A. 
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(C) O1 = 12.63'; CL = 0.816. 
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(b)  = 10.52'; CL = 0.728. 
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